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Abstract 
The development of perennial crops through breeding would help deal with the multiple issues involving environmental conservation 
and food security in a world of shrinking resources. Perennial wheat offers a new solution to the long-standing problems of soil erosion 
and degradation associated with conventional annual small-grain cropping systems. This paper presents morphological characteristics 
and cytogenetics analysis of perennial wheat that from crosses between octoploid trititrigia and Thinopyrum intermedium, introduces 
the important role of perennial wheat at the development of sustainable agriculture system as well as discusses the significant utilization 
of perennial wheat in ecological benefits. 
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1.  Introduction  
Before the introduction of agriculture, almost all of the world’s landscapes were covered mostly by perennial plants 
growing in mixed stands[1]; today, agriculture’s impact on the Earth has been amplified by industrial farming, but the 
fundamental problem has its origins 10,000 years ago, in the domestication of those annual crops that are still the staples 
of the global food supply. In contrast, annual crops such as cereals, grain legumes, and oilseeds typically provide less 
protection against soil erosion, waste water and nutrients, store less carbon below ground, and are less tolerant of pests 
than are perennial plant communities. Perennial crops have substantial ecological and economic benefits. Their longer 
growing seasons and more extensive root systems make them more competitive against weeds and more effective at 
capturing nutrients and water.In particular, the development of perennial wheat could have a major impact in winter-
cereal-growing regions. These cool-season cereals can be hybridised with a wide range of perennial species. For decades, 
wheat geneticists have crossed many genotypes of these annuals with many genotypes of perennial relatives, usually with 
the goal of introgressing genes for disease or insect resistance. Researchers at The Land Institute, Washington State 
University (WSU), and with the Future Farming CRC are now making such crosses, primarily using Thinopyrum species, 
with the explicit objective of developing perennial wheat. Species of the genus Thinopyrum have been hybridized with 
wheat more often than have any other perennial species [2] because of the ease of producing partially fertile hybrids, often 
without embryo rescue [3]. Thinopyrum intermedium (2n=42) is rhizomatous, and two other commonly utilized species, 
Th. ponticum (2n=70) and Th. elongatum (2n=14) are caespitose. The objective of our research is to develop new perennial 
wheat that produces crops of grain similar to annual wheat and adequate resistance for environment. To do that, we used 
octoploid trititrigia, "Ganmai 8", "Ganmai 9"and "Zhang 2" crossing with perennial grasses (Thinopyrum intermedium). 
We have obtained hybrids between annual wheat and perennials during the past few years. 
© 2011 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of the Intelligent 
Information Technology Application Research Association. Open access under CC BY-NC-ND license.
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2. Materials and Methods 
2.1. Materials 
We obtained Ganmai 8, Ganmai 9(AABBDDE1E1 or AABBDDE2E2 2N=56 8X), Winter wheat 024（AABBDD 2N=42 
6X）and Winter rye (RR, 2N=14 2X) from  Research Sun San-Cheng, Shanxi Academy of Agricultural Sciences.Zhong 2 
(AABBDDE1E1 or E2E2 2N = 56 8X) number, Thinopyrum intermedium (E1E1 E2E2 StSt 2N = 42 6X) from Prof.Li J.L., 
Harbin Normal University. 
2.2. Cross combination  
Hybrid combinations were derived from the cross between Ganmai 8, Ganmai 9, and Zhong 2 used as male parent, and 
Th. intermedium as female parents. Cross combination as follows: Ganmai 8 ×Th. intermedium , Ganmai 9 ×Th. 
intermedium, Zhong 2 ×Th. intermedium. The method of hybridization was conventional. The offspring of those crosses 
backcrossed with winter wheat and winter rye were selected by cold resistance and perennial habit. 
2.3. Detection by Cold resistance, regeneration and perennial feature 
Under natural conditions (-15℃~-30℃) of winter, the plants of perennial wheat were grown in a testing field at Harbin 
Normal University; the regeneration characteristic was tested after the autumn harvest. The plants with cold resistance, 
regeneration and perennial feature were bred from the field. 
2.4. Cytogenetic analysis  
We conducted the observation of somatic and meiotic chromosomes as described by Yan et al. [4]. 
3. Results and Discussion 
3.1. Morphological characteristics of perennial wheat 
1) Roots and tillers of hybrid F1: Research shows that perennial wheat has the extensive root system which many 
branches were usually several times and even ten times than annual wheat. It is very beneficial to protection against soil 
erosion, manage water and nutrients effectively, store carbon below ground, and is resilient to pests and abiotic stresses [5]. 
The growth root of perennial wheat was from November 2009 to May 2010, which was very long and thriving (Figure. 1).  
 
 
Figure1 Root of perennial wheat 
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The observation of field shown that perennial wheat has more tillers which the numbers were up to 30-40 (2-3 years 
old), the tiller occurred at the tillering node (the first section at the stem) (Figure 2), the tillering node was very important 
for plant’s regrowth and germination in second year [6].  
 
Figure2 The regrowth tiller of perennial wheat 
Meanwhile, the clumps formed from multiple tillers grew lushly, the tiller number of clumps that natural growth in 3 
years could reach 60 or more valid tillers, and there are many small tillers (Figure 3). 
 
 
Figure3 A clump of exuberant Perennial 
2) Field Test: The detection of cold resistance, regeneration capacity and perennial ability indicted that the hybrid F1 
and F2 plants could pass through the field testing, which can return to normal growth after dormancy after the cold winter 
at Harbin (Figure4).  
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Figure4 Turing green of perennial wheat in May 
The F1 plants have grown in fields for 3 years, and had good performance of regeneration (Figure5). The contrast of field 
experiment showed that this hybrid material has a long growth period, strong resistance and a lot of yield traits, such as the 
large spike, more flowers, more tillers and other characteristics. That means parts of character from Thinopyrum, such as 
perennial, strong cold resistance, had been introduced into the octoploid wheat. 
 
 
Figure5 Regenerative plant after harvest in Oct. 
3.2. Cytogenetic of perennial wheat 
The cytogenetic analysis showed that setting percentage of F1 was 31.49%, 39.28% and 10.41%, respectively (Table 1) 
[4]. Performance of F1 hybrid showed the interstitial type of parents, the plants were tall, lush; its spike length was 20-
30cm, and the numbers of spikelet from 25 to 30. 
TABLE 1: The setting percentage and germination percentage in F1 
Hybrided 
combination 
No. 
spikes
No. 
seed set
Setting 
percentage
（﹪） 
No. 
germin
ation 
Germination
percentage
（﹪） 
Ganmai 8 
×Th. 254 80 31.49 43 53.45 
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intermedium 
Ganmai 9 
×Th. 
intermedium 
168 66 39.28 53 80.30 
Zhong 2 
×Th. 
intermedium 
192 20 10.41 13 65.0 
 
1) Root tip chromosome of F1: Chromosomes of perennial wheat derived from hybrid between octoploid and 
hexaploid were very complex. The theory number should be 49 chromosomes, but the visible number varied from 49 to 56 
(Figure 6). 
2) Meiosis of F1: Abnormal behavior was occurred at meiosis of F1 plant, such as abnormal chromosome pairing, high 
frequency of univalents and appearance of multivalent. (Figure 7).The configurations of chromosome pairing at metaphase 
I of F1 hybrid were 9.5Ⅰ+16.98Ⅱ+0.27Ⅲ, 13.6Ⅰ+14.01Ⅱ+0.87Ⅲ,11.2Ⅰ+16.8Ⅱ+0.08Ⅲ.The changes range of 
bivalents, univalents and multivalent was from 13 to 18, 11 to 17 and 0.08 to 0.87, respectively. The majority of bivalents 
were rod bivalents, it estimated that a pair of homeologous chromosome exists at two parents, and the rest were non-
homologous chromosomes, but some were part of the homologous relationship. 
 
Figure6 Root chromosomes of perennial wheat 
 
 
Figure7 Perennial wheat meiosis 
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4. conclusion   
Perennial wheat has the virtue of regrowth after harvest, thriving root system, more tillers and cold resistance, which 
can return to normal growth after dormancy in cold winter at Harbin. By the characteristic of its germplasm from wild 
wheatgrass, it was resistant to many of the diseases that infect annual wheat, which include Cephalosporium stripe, wheat 
streak mosaic, stripe rust, leaf rust, and barley yellow dwarf. Other significant agronomic and ecological benefits of 
perennial wheat include water and nutrient conservation [7], greater soil microbial activity [8], increased sequestration of 
carbon [9], and lower time and labor costs. Although perennial wheat may produce a lower grain yield and quality than 
annual wheat, it is expected inputs of fertiliser, herbicide and sowing costs will be lower. It is estimated that perennial 
wheat would need to be replanted once every 3 to 5 years to maintain optimum yields and plant health. In contrast, dual-
purpose perennial wheat that produces grain and additional forage during summer and autumn than annual wheat can 
increase farm profitability substantially [10]. As a result, there would be reduced chemical leaching and surface water 
pollution, reduced production of greenhouse gases, an overall improvement of soil productivity, and increased biodiversity 
in the agroecological landscape. In the future, by minimizing soil disturbance, significant agronomic and ecological 
benefits would be realized. 
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